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INTRODUCTION 
 
The huge genetic diversity of wild and cultivated wheats 
has attracted interest from scientists all over the world. 
Evolution events leaded to speciation in genus Triticum 
L. were caused by spontaneous hybridisation and 
environmental influence. All these events over the 
centuries have developed the current genetic diversity of 
wheat. In this process of evolution a key role has been 
played by mutations, without which it would be difficult 
to explain the existence of a number of species, varieties 
and lines of the genus Triticum L [1]. It is known that in 
nature mutations occur quite rarely. In order to develop 
new mutants for research and breeding chemical 
mutagens and ionizing radiation have been utilised. 
 
Therefore when the most dramatic technological 
catastrophe of the XX century occurred at the 
Chernobyl` Reactor in April 1986 in the Ukraine 
questions about the influence of radioactivity on nature 
as well as the process of evolution in this particular 
region were raised. In this study accessions of common 
winter wheat varieties (Bilotserkivska 47, Poliska 70, 
Myronivska 808 and Kyianka), which were planted in 
the fields around the Chernobyl` Reactor in 1986 and 
after self-sowing in the following year were 
investigated. Common wheat has a short period of 
ontogenesis, known varietal characteristics and the 
heritable effects of ionising radiation can be readily 
observed.  
 
The aim of this work is to present the results of almost 
18 years of investigation and analysis of 239 accessions 
of the above mentioned common wheat varieties, which 
have been sampled since 1988 near the Chernobyl` 
Reactor; the description of the mutant lines and 
appearance of systems mutants i.e. mutants, which have 
characteristics of other hexaploid Triticum species, such 
as Triticum spelta L., Triticum. compactum Host., 
Triticum vavilovii Tum. et Jakubz. Results suggest it will 
be possible to describe the process of speciation of 
hexaploid wheat species by the mutagenic influence that 
has occurred in nature. 
MATERIALS AND METHODS 
Material. The material of present investigation includes 
four common winter wheat varieties Bilotserkivska 47, 
Poliska 70, Myronivska 808 and Kyianka. 239 
accessions of the above mentioned varieties, were 
collected from the fields, near the Chernobyl` Reactor in 
1988. 2000 M4-M12 mutant lines were derived from 
those 239 accessions. 
 
Methods. Pedigree analysis was performed for a 
selection of the mutants. Genetic analysis (analysis of 
crosses) of the mutant lines was performed to investigate 
the genetic control of the particular phenotypic 
characteristics. Acid-PAGE electrophoresis [2] was used 
to check the purity of lines and accessions and to 
confirm their pedigree.  
RESULTS AND DISCUSSION 
The varieties Bilotserkivska 47, Poliska 70, Myronivska 
808 and Kyianka had stable morphological 
characteristics before exposure to ionizing radiation. In 
239 M3 accessions almost 30% had morphological 
changes. During 1989-2005 by lines which differed from 
the parental varieties were selected. After the first stage 
of selection the stability of mutant phenotypes was 
confirmed by their planting over several years. In 
different generations the most frequent type of mutations 
that appeared were: 
1. Mutations of the ear: Ear with awns in an awnless 
variety and vice versa; spelt, squarehead, club type 
of ear (Fig. 1); ear with branches; ear with double 
top; ear with two-three spikelets on the rachis; 
conus type ear; cylindrical ear with a number of 
double spikelets; ear without rachis, ear at a right 
angle to the stem (Fig. 2); ear with non-
symmetrical awns; ear with twisted awns; ear with 
twisted rachis; ear with spikelets on one row of the 
rachis; 
 
Fig. 1 Ear mutants derived from variety 
Bilotserkivska 47 
 
2. Mutations affecting stem and leaves: long stem, 
semi dwarf, dwarf (45-60 cm), super dwarf 
(25 cm); two ears on one stem; stem with twisted 
ears and twisted stem under the ear; rudimentary 
ear on the stem (Fig. 2); twisted flag leaves around 
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the ear; leaves with waxy cuticula and without 
cuticula; wide leaf; 
 
Fig. 2. Mutants derived from variety Bilotserkivska 47 
(ear located under a right angle to the stem, rudimentary 
ear on the stem) 
 
3. Physiological mutations of growth and development 
of plants: early and late maturity, sterile flowers at 
on some spikelets of the ears or on entire ears 
(Fig. 3); hormonal imbalance (plants with low 
height up to 25 cm and sterile ears); 
 
Fig. 3. Mutants derived from variety Bilotserkivska 47 
(sterile spikelets at the bottom of the ear) 
 
4. Mutations leading to resistance of abiotic and 
biotic stresses: high and low frost resistant plants; 
plants resistant to Fusarium spp., Septoria spp., 
leaf rust etc. 
 
Of particular interest were the systems mutants, which 
carried characteristics of other hexaploid wheat species 
such as T. spelta L., T. compactum Host., T. vavilovii 
Tum. et Jakubz. (Fig. 4)  
 
 
Fig. 4. Mutants which carried characteristics of other 
hexaploid wheat species (From the left to right 1,3 – 
spelta-type; 2 – compactum-type; 4,5 – vavilovii-type). 
 
In hexaploid wheat spike characteristics are used to 
categorize plants into groups. Three major gene pairs (Q, 
C and S1 [3]) are thought to be responsible for the spike 
characteristics:  
1. Common wheat Q c S1 v: vulgare group. 
2. Club wheat Q C S1 v: compactum group. 
3. Shot wheat Q c s1 v: sphaerococcum group. 
4. Spelt wheat q c S1 v: spelta group (including 
vavilovi). 
 
The majority of hexaploid wheat stocks are already, or 
can be readily, classified into these groups. 
 
Gene Q is located at chromosome 5AL [4,5]. The 
dominant allele Q suppresses development of speltoid 
characteristics of the ear. The appearance of speltoid 
mutants arises in three cases: loss of whole chromosome 
5A, deletion of locus, which carries gene Q, and by 
mutation of Q in q. Increasing the of dosage of the q 
allele leads to the appearance of ears with spelta-
compactum appearance. According to Muramatsu [6] 
heterozygous plants with the combination Qq will be 
speltoids, increasing the dosage of the Q gene will lead 
to squarehead (QQ), subclub (QQQ) and club (QQQQ) 
ear types. 
 
Gene C [7] is located on chromosome 2D and leads to 
club morphology of the ear. The naturally-occurring 
sphaerococcum gene Sl has been located on 
chromosome 3D and mutant alleles have been identified 
which form a homoeologous series [8]. 
 
According to MacKey [4] spelt mutants are most 
frequently observed in mutagenesis studies. In our 
studies mutants with complex characteristics, which are 
typical for phenotypes of T. spelta accessions, were 
selected in M4 of Bilotserkivska 47 and then in M5 of 
Myronivska 808 (1,3 of Fig. 4). However, among 
mutants derived from the accessions of Kyianka the 
spelt phenotype was not detected. 
 
One of the speltoid lines of Bilotserkivska 47, which 
was selected in the M4 generation was crossed with 
Bilotserkivska 47. In F1s the spelt phenotype was 
recessive, however in F2s 138 plants with the spelt 
phenotype of ear and 37 plants with squarehead, were 
detected. No squarehead phenotype was detected in the 
parental germplasm (Fig. 5). 
 
Fig. 5. Spelt and squarehead plants obtained in F2 of 
Bilotserkivska 47 with speltoid line 
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In other crosses the genetic interrelations between spelts 
and squareheads was also noted. Crosses involving spelt 
mutants, gave rise to the squarehead phenotype in 
different generations (Fig. 6). 
 
Fig. 6. From left to the right: 1- maternal parent Spelt 
mutant; 2 – paternal parent Myronivska 808; 3-7 type of 
ears of plants in segregated population F2. 
 
In the backcross population (Bilotserkivska 47 x spelt 
mutant with awns) x spelt mutant with awns a wide 
spectrum of morphological forms of ears: speltoids with 
awns and without them, awnless club wheat, 
squareheads with awns and ears with vavilovi type of the 
ear morphology were detected. 
 
Mutants with a T. compactum type of ear were detected 
in M3 of accessions of Kyianka, M4 varieties of 
Myronivska 808 (Fig. 7) and Poliska 70. This mutant 
form has now been detected in all generations of all 
genotypes. In different combinations of crosses between 
mutants with the spelt type of ear and accessions with 
the T.eastivum type a number of plants with a club form 
of ear were detected. 
 
Fig. 7. 1 – Parental variety Myronivska 808 (M 808), 2 – 
squarehead mutant of  M 808; 3 – mutant with 
T. compactum type of ear of M. 808 
 
The appearance of plants with the vavilovi phenotype 
(Fig. 4) – spelt with branched spikelets – in a 
segregating population derived from crosses of spelt 
mutants with common wheat forms was particularly 
interesting. In the wild nature species of T. vavilovi are 
very rare. The species was first collected by Tumanyan 
in 1928 in Armenia [9]. 
 
New mutant forms in the M4-M12 generations became 
homozygous and had mainly a dominant type of 
inheritance.  
 
Therefore under the conditions of chronic irradiation, 
caused by the Chernobyl` explosion, the complex 
characteristics of existing hexaploid Triticum species 
appeared. This phenomenon confirms the hypothesis of 
the mutant origin of species in T. spelta, T. compactum, 
T. vavilovi. The mutant lines (forms) will be very useful 
tools for further genetic and molecular investigations of 
wheat origins and of particular wheat characteristics. 
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